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SPECIFICATION 



1. Title of the Invention 
Carbonylation process for dimethyl ether 

2. Claim 

A carbonylation process for dimethyl ether wherein dimethyl ether and carbon monoxide 
are reacted in the gas phase in the presence of a nickel catalyst and iodine compound. 

3. Detailed Explanation of the Invention 

The present invention relates to a carbonylation process for dimethyl ether. More 
specifically, it relates to a method of synthesizing acetic anhydride and methyl acetate using 
dimethyl ether and carbon monoxide as the raw materials. 

Acetic anhydride is synthesized by a method of reacting ketene, obtained by pyrolysis of 
acetic acid, with acetic acid (ketene method) or a method of oxidizing acetaldehyde by oxygen in 
the presence of a catalyst such as cobalt acetate (acetaldehyde oxidation method). Both have been 
put to industrial use using mostly petroleum as the starting raw material [sic]. A switch to 
petroleum-based raw materials is envisioned with a large amount of research devoted recently to 
attempts to switch from these methods that use acetic acid or acetaldehyde as the raw material to 
methods that use syngas obtained using coal, etc. as the starting raw material. 

Old methods of producing acetic anhydride by carbonylation by reacting dimethyl ether 
and carbon monoxide as the raw materials for acetic anhydride synthesis were conducted using 
base metal catalysts of cobalt, nickel, chromium, etc. However, these methods require a high 
reaction temperature and, even then, the reaction rate is low. The resultant length of time needed 
to complete the reaction hindered industrial application. 

Methods of conducting carbonylation under a lower pressure by using a noble metal 
catalyst such as platinum or palladium have also been proposed. However, all of these catalysts 
are expensive, the selectivity for the reaction product is poor, and corrosion of the equipment is a 
problem. Consequently, these attempts remain today at the research stage. 



These types of methods are all processes for the production of carboxylic anhydride by 
carbonylation of esters or ethers using a catalyst, particularly a periodic table group VIH noble 
metal catalyst, and a reaction accelerator, particularly a halogen-based one. Examples appear to 
focus on improving the reaction rate. 

For example, the technique described in Japanese Kokai Patent No. Sho 51-1 15403 
conducts the carbonylation reaction by carbon monoxide using methyl acetate or dimethyl ether 
as the raw material at a reaction pressure of 2-30 kg/cm 2 G and a relatively low reaction 
temperature of 125-225°C by utilizing the compound cocatalyst effect with rhodium or iridium as 
the catalyst, a group VIb metal compound and tertiary organic nitrogen compound or organic 
phosphorus compound as the cocatalyst, or using methyl halide as a reaction accelerator. 

However, all of these techniques are liquid-phase techniques in which dimethyl ether and 
carbon monoxide are blown, for example, into acetic acid solution. No gas-phase techniques are 
to be found. 

Many patents have also been created regarding the synthesis of carboxylic anhydride by 
carbonylation. Nonetheless, all are liquid-phase techniques, have an extremely slow reaction rate, 
and also not a very high reaction yield (reaction index). The selectivity of the reaction is also 
poor. The methyl halide added as a reaction accelerator when the reaction is performed in the 
liquid phase also causes severe corrosion of the equipment. Therefore, ordinary stainless steel 
cannot be used, but high-grade materials such as Hastelloy or titanium must be used. This is not 
economically advantageous. 

As was mentioned above, the major trend today in acetic anhydride synthesis is processes 
that employ petroleum-based raw materials. Methods of synthesis from dimethyl ether can obtain 
acetic anhydride via dimethyl ether from syngas that uses coal as the raw material. Specifically, 
dimethyl ether is produced by reacting ordinary methanol and sulfuric acid or by dehydration by 
passing methanol over an acidic salt catalyst such as aluminum oxide or aluminum phosphate. It 
is also obtained as a byproduct when synthesizing methanol from carbon monoxide and hydrogen 
using a chromium-zinc-based catalyst. Since dimethyl ether is thus obtained relatively easily 
using methanol as the raw material, production of acetic anhydride using dimethyl ether as a raw 
material has a significant advantage from the standpoint of raw material conversion. Methods of 



obtaining acetic anhydride directly from methanol or syngas are also expected to be put to 
practical use in the future. 

In relationship to this, many patents have appeared concerning catalysts or synthesis 
processes using a catalyst composed primarily of rhodium complex to be employed in the 
synthesis of acetic acid by liquid-phase carbonylation of methanol and carbon monoxide. 
However, none of these say anything about the manufacture of carboxylic anhydride. The 
majority also involve liquid-phase carbonylation and almost none say anything about gas-phase 
techniques. 

Methyl acetate gives acetic anhydride by carbonylation. Ethyl acetate is then obtained by 
homologation. Ethylidene diacetate, an intermediate of vinyl acetate, is then obtained by reaction 
with syngas and is important as an industrial raw material. Methods of conducting the reaction in 
the liquid phase using a noble metal element such as palladium or rhodium are known as 
methods of manufacturing methyl acetate from dimethyl ether (Kokai Patents Nos. Sho 56- 
152435 and Sho 57-32248). However, no techniques that use a nickel catalyst in the gas phase 
are known. 

The present inventors discovered the process of the present invention as a result of 
studying carbonylation of dimethyl ether by carbon monoxide. 

Specifically, the present invention is characterized by reacting dimethyl ether and carbon 
monoxide in the gas phase in the presence of an iodine compound using as the catalyst nickel 
supported by a carrier such as activated charcoal. All of the methods proposed in the past using 
nickel were performed in the liquid phase. When methyl halide was consequently added as a 
reaction accelerator to be used in the liquid phase, strong corrosiveness resulted, leading to the 
necessity of using high-grade materials such as Hastelloy for the reaction equipment. This posed 
a major problem in terms of equipment. 

The present inventors attained the present invention by discovering that nickel supported 
by activated charcoal, etc. has extremely good reactivity and selectivity in the gas-phase 
carbonylation of dimethyl ether. 

The present invention will be explained more concretely below. 



Various types of nickel compounds can be used as the nickel to be supported by the 
catalyst support. Specifically, metallic nickel and nickel compounds such as hydroxide, inorganic 
salts, organic salts, and organic-inorganic complex compounds can be used. However, nickel 
chloride, nickel nitrate, nickel sulfate, and nickel acetate are preferred from the industrial 
viewpoint. An effect can be expected when the amount supported ranges from 0.1 to 50% by 
weight ratio with the support. A range of 0.5-10% by weight is preferred. 

Common methods of supporting the nickel on the support include immersing the support 
in an aqueous solution of the aforementioned nickel salts, dissolving water-insoluble nickel salts 
in acids such as hydrochloride acid or sulfuric acid, or dissolving them in an organic solvent, 
then drying, possibly including further oxidation treatment by air or reduction treatment by 
hydrogen, methanol, formalin, hydrazine, etc. 

Organic or inorganic halogen compounds can be used as the halogen compound added as 
a reaction accelerator. Iodine compounds are preferred. Although alkali metal compounds such as 
potassium iodide and sodium iodide and alkaline earth metal compounds such as magnesium 
iodide are also possible, they are not usually practical due to their low vapor pressure. Preferred 
examples include iodides such as alkyl iodides, aryl iodides, acetyl iodides, and acyl iodides such 
as methyl iodide, ethyl iodide, and phenyl iodide. Methyl iodide and ethyl iodide are most 
preferred for industrial use. The amount used is 0.005-1.0, preferably 0.05-0.5, as the molar ratio 
of iodine in the iodine compound/(iodine in iodine compound + dimethyl ether) in ratio with the 
raw material dimethyl ether. 

The reaction can be implemented by any of a fixed bed, fluidized bed, or spouted bed. 
However, since the reaction is a relatively highly exothermal one, using a fluidized bed or 
spouted bed makes it easier from the standpoint of industrial application to remove the heat than 
does a fixed bed. There also tend to be fewer byproducts such as methane and carbon dioxide 
than by a fixed bed. 

When a fluidized bed or spouted bed is used, in particular when using activated charcoal 

particles as the support and supporting nickel on them, the amount of nickel supported is 0.5- / 

t 

20% by weight, preferably 2.0-10% by weight, as a weight ratio. The particle diameter is j 
generally 10-100 |im and the average particle diameter 50-80 ^m. I 



Since activated charcoal particles usually have a bulk specific gravity of about 0.4 g/mL, 
they are suited to a fluidized bed or spouted bed. Fluidized beds may also be constructed in 
multiple stages with various combinations that incorporate spouted beds into some of the 
fluidized beds. Of course, the process can be made more efficient by appropriate provision of 
suitable diffusion plates, porous plates, baffle plates, flow-regulating plates, flow-regulating 
pipes, and cyclones in each stage. 

The reaction temperature when carbonylating dimethyl ether using this catalyst is 100- 
350°C, preferably 150-300°C, especially 200-280°C. The reaction index deteriorates below that 
level. Reaction byproducts increase suddenly above it. 

The reaction pressure should be from normal pressure to 350 atm, preferably 10-250 atm. 
Although the yield of acetic anhydride and methyl acetate increases with the reaction pressure, 
the yield of acetic acid also tends to increase simultaneously. A range of 10-50 atm is optimum 
for industrial implementation. 

On the other hand, the amount of carbon monoxide that serves as one of the principal raw 
materials should be 1.0-2.0, preferably 2.0-10.0 [sic], by molar ratio of carbon 
monoxide/dimethyl ether versus the dimethyl ether. Excess carbon monoxide added and carbon 
monoxide that exits the reactor unreacted can be recycled to the reaction system and reused. This 
can have a desirable effect from the standpoint of reaction selectivity and removal of the heat of 

reaction. ^ 

It is more effective in the present invention to raise the reaction pressure than to raise the 
reaction temperature to increase the yield of acetic anhydride. 

On the other hand, although the yield of acetic anhydride increases as the reaction contact 
time lengthens, byproducts such as methane and carbon dioxide also increase simultaneously. 
Considering also the degradation, etc. of these, the amount of reaction gas (gas feed) per unit 
catalyst weight (gr-cat) is 500-20,000 N-mL/gr-cat hr, preferably 1000-10,000 N-mL/gr-cat hr. A 
good fluidized state is obtained and excellent results achieved from the standpoint of the reaction 
product within this range, particularly when the reaction is conducted in a fluidized bed using 
particulate activated charcoal. The gas feed and empty pipe velocity (W/F) (gr-cat hr/mol) have a 
relationship shown by the following formula. 



(Gas feed) x (W/F) = 22,400 (N-mL/mol) 

The aforementioned catalyst weight also includes the support. 

The carbon monoxide used as one of the raw materials in the present invention often 
contains hydrogen in particular as an impurity. This hydrogen has little effect on the reaction 
when using the catalyst of the present invention and carbon monoxide with several percent 
hydrogen can be used as is as a raw material. Even the presence of hydrogen will not lower the 
activity of the catalyst. 

Activated charcoal, silica, alumina, silica-alumina, zeolite, titania, magnesia, 
diatomaceous earth, etc., and combinations of two or more types thereof can be used as the 
support. Activated charcoal is especially preferred. 

The reaction yield and selectivity have been found to differ greatly depending on the type 
of activated charcoal. Commercial wood charcoal, coconut husk charcoal, petroleum pitch-based 
charcoal, and coal-based charcoal are suitable. However, forms such as graphite and carbon black 
were judged generally not to give good results. Primarily acetic acid, methyl acetate, and acetic 
anhydride are obtained in the process of the present invention. Methyl acetate may be recycled to 
the reaction system to raise the yield of acetic anhydride. The present invention is explained 
below through practical examples. However, these do not limit the invention. 

Practical example 1 

Using only the 20-40 mesh particles obtained by pulverizing commercial activated \ 
charcoal (made by Takeda Chemical Industry, tradename [Illegible] C), 100 g was added to a 
nickel acetate aqueous solution that contained 10 g of metallic nickel. After mixing and 
evaporating until dry, the catalyst was dried for 20 hours at 120°C. The catalyst was obtained 
subsequently by reduction treatment for 2 hours at 420°C in a nitrogen stream and for another 2 
hours at 420°C in a hydrogen stream. 

This catalyst was packed into a pressurized fixed bed flow-through type reactor. A mixed 
solution of dimethyl ether and methyl iodide was vaporized by evaporator, then mixed with 
carbon monoxide, and introduced from the top of the reactor to conduct gas-phase carbonylation 
under increased pressure. The reaction conditions and results appear below. 

8 
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Experiment No. 

Reaction conditions 

Reaction temperature (°C) 
Reaction pressure (atm) 
Input raw material molar ratio 
Methyl iodide 
Dimethyl ether ^ 0) 

Carbon monoxide 

Dimethyl ether + Methyl iodide ( mol/mo1 ) 
Empty pipe velocity (gr-cathr/mol) 

Reaction results 

Product yield (mol%) 
Methyl acetate 
Acetic acid 
Acetic anhydride 
Methane 
Carbon dioxide 

Dimethyl ether reaction index (%) 



1 


2 


3 


200 


250 


300 


11 


11 


11 


8.3 


8.3 


8.3 


9 0 


9 9 


9 9 


10 


10 


10 


4.5 


17.4 


14.8 


0.3 


2.0 


7.5 


trace 


0.9 


0.2 


trace 


0.2 


2.9 


trace 


0.4 


3.0 


4.71 


18.7 


21.9 



Practical example 2 

A catalyst prepared by the same method as in practical example 1 was packed into a 
pressurized fixed bed flow-through reactor and gas-phase carbonylation performed. The reaction 
conditions and results are summarized below. 



Experiment No. 


1 


2 


3 


4 


Reaction conditions 










Reaction temperature (°C) 


250 


250 


250 


250 


Reaction pressure (atm) 


1 


11 


15 


41 


Input raw material molar ratio 










Methyl iodide 
Dimethyl ether (mol%) 


O.KJ 


8 6 


8 6 


12 0 


Carbon monoxide 










Dimethyl ether + Methyl iodide ( mol/mo1 ) 


2.5 


2.5 


2.5 


4.2 


Empty pipe velocity (gr-cathr/mol) 


10 


10 


10 


10 


Reaction results 










Product yield (mol%) 










Methyl acetate 


4.1 


17.6 


19.4 


40.8 


Acetic acid 


0.8 


2.1 


3.5 


7.5 


Acetic anhydride 


trace 


0.8 


2.4 


5.4 


Methane 


trace 


trace 


0.2 


0.6 


Carbon dioxide 


trace 


trace 


0.3 


0.8 


Dimethyl ether reaction index (%) 


4.6 


19.5 


24.0 


50.9 
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Practical example 3 

The same catalyst as was used in practical example 2 was packed into a pressurized fixed 



bed flow-through reactor and gas-phase carbonylation performed. The reaction conditions and 
results appear below. 

Rxneximent No. 1 2 3 


Reaction conditions 








Reaction temperature (°C) 


250 


250 


250 


Reaction pressure (atm) 


1 1 


1 1 
1 1 


1 1 
1 1 


Methyl iodide partial pressure (atm) 


0.025 


0.025 


0.025 


Input raw material molar ratio 








Carbon monoxide m 


1.0 


2.3 


4.2 


Dimethyl ether (™ 1/mo1 ) 


Empty pipe velocity (gr-cat-hr/mol) 


10 


10 


10 


Reaction results 








Product yield (mol%) 








Methyl acetate 


11.2 


17.7 


27.3 


Acetic acid 


1.1 


2.0 


3.8 


Acetic anhydride 


trace 


0.7 


0.4 


Methane 


trace 


trace 


2.4 


Carbon dioxide 


trace 


trace 


2.6 


Dimethyl ether reaction index (%) 


11.8 


19.4 


32.3 
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Practical example 4 

The same catalyst as was used in practical example 2 was packed into a pressurized fixed 
bed flow-through reactor and gas-phase carbonylation performed. The reaction conditions and 
results were as follows. 



Jbxpenmeni ino. 


1 


2 


3 


Reaction conditions 








Reaction temperature { v^) 


250 


250 


250 


Reaction pressure (atm) 


1 1 
1 1 


1 1 

1 1 


1 1 


Input raw material molar ratio 








lVlCLliyi lUtAlUC' , , , 1N 

Dimethyl ether ^ m0 m 


0.04 


0.08 


0.175 


Carbon monoxide , , , ^ 


2.5 


2.5 


2.5 


Dimethyl ether (mol/mo » 


Empty pipe velocity (gr-cat-hr/mol) 


10 


10 


11 


Reaction results 








Product yield (mol%) 








Methyl acetate 


11.3 


17.0 


28.2 


Acetic acid 


1.3 


2.0 


2.3 


Acetic anhydride 


trace 


0.8 


0.2 


Methane 


trace 


trace 


0.7 


Carbon dioxide 


trace 


trace 


0.8 


Dimethyl ether reaction index (%) 


12.0 


18.9 


30.3 
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